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ëÎÓÊÌ˚Â ÓÍÒË‰˚ Ì‡ ÓÒÌÓ‚Â ÌËÓ·‡Ú‡ Ì‡ÚËfl
(NaNbO
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) ÔÂ‰ÒÚ‡‚Îfl˛Ú ÁÌ‡˜ËÚÂÎ¸Ì˚È ËÌÚÂÂÒ
‰Îfl ÔÓÎÛ˜ÂÌËfl ÌÓ‚˚ı ÙÛÌÍˆËÓÌ‡Î¸Ì˚ı Ï‡ÚÂË‡-
ÎÓ‚ ˝ÎÂÍÚÓÌÌÓÈ ÚÂıÌËÍË [1, 2]. èË ˜‡ÒÚË˜ÌÓÏ
„ÂÚÂÓ‚‡ÎÂÌÚÌÓÏ Á‡ÏÂ˘ÂÌËË ËÓÌÓ‚ Ì‡ÚËfl ËÓÌ‡-
ÏË Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ˝ÎÂÏÂÌÚÓ‚ Ó·‡ÁÛ˛ÚÒfl Ú‚Â-
‰˚Â ‡ÒÚ‚Ó˚ ÚËÔ‡ Ln
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 (Ln–La,
Nd, 
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 – ‚‡Í‡ÌÒËË) [3, 4].
ç‡ ÓÒÌÓ‚Â ÛÍ‡Á‡ÌÌ˚ı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ‡‚ÚÓ-

‡ÏË [5, 6] ·˚ÎË ÔÓÎÛ˜ÂÌ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËÂ
Ï‡ÚÂË‡Î˚, ı‡‡ÍÚÂËÁÛ˛˘ËÂÒfl ‚˚ÒÓÍËÏË ÁÌ‡˜Â-
ÌËflÏË ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË (

 

ε

 

 

 

≈

 

 500–
1000) Ë ÌËÁÍËÏË ‰Ë˝ÎÂÍÚË˜ÂÒÍËÏË ÔÓÚÂflÏË
(  

 

≈

 

 10

 

–3

 

). Ç [5, 6] ÛÒÚ‡ÌÓ‚ÎÂÌÓ ÒÏÂ˘ÂÌËÂ Ù‡ÁÓ-
‚Ó„Ó ÔÂÂıÓ‰‡ ‚ ÌËÁÍÓÚÂÏÔÂ‡ÚÛÌÛ˛ Ó·Î‡ÒÚ¸
ÔË Û‚ÂÎË˜ÂÌËË ÒÓ‰ÂÊ‡ÌËfl Ln, ÒÓÔÓ‚ÓÊ‰‡˛˘Â-
ÂÒfl ËÁÏÂÌÂÌËÂÏ ÁÌ‡Í‡ ÚÂÏÔÂ‡ÚÛÌÓ„Ó ÍÓ˝ÙÙË-
ˆËÂÌÚ‡ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË (íä

 

ε

 

).
é‰Ì‡ÍÓ ‰‡ÌÌ˚Â Ó ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛÂ
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 ‚ ÎËÚÂ‡ÚÛÂ ÓÚÒÛÚÒÚ‚Û˛Ú,
ËÏÂ˛ÚÒfl ÚÓÎ¸ÍÓ ÂÁÛÎ¸Ú‡Ú˚ ËÒÒÎÂ‰Ó‚‡ÌËfl ÍËÒ-
Ú‡ÎÎÓıËÏË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ ‚ ‚˚ÒÓÍÓÚÂÏÔÂ‡-
ÚÛÌÓÈ Ó·Î‡ÒÚË (>900°C) [3, 4], ˜ÚÓ ÌÂ ÔÓÁ‚ÓÎflÂÚ
ÛÒÚ‡ÌÓ‚ËÚ¸ Ëı ‚Á‡ËÏÓÒ‚flÁ¸ Ò ˝ÎÂÍÚÓÙËÁË˜ÂÒÍË-
ÏË Ò‚ÓÈÒÚ‚‡ÏË Ï‡ÚÂË‡ÎÓ‚.

ñÂÎ¸˛ Ì‡ÒÚÓfl˘ÂÈ ‡·ÓÚ˚ fl‚ÎflÎÓÒ¸ ËÁÛ˜ÂÌËÂ
ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı ÓÒÓ·ÂÌÌÓÒÚÂÈ Ú‚Â‰˚ı
‡ÒÚ‚ÓÓ‚ Ln
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 (Ln–La, Nd) Ë
Ëı ‚Á‡ËÏÓÒ‚flÁ¸ Ò ‰Ë˝ÎÂÍÚË˜ÂÒÍËÏË Ò‚ÓÈÒÚ‚‡ÏË
ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı Ï‡ÚÂË‡ÎÓ‚.

 

åÖíéÑàäÄ ùäëèÖêàåÖçíÄ

 

Ç Í‡˜ÂÒÚ‚Â ËÒıÓ‰Ì˚ı Â‡„ÂÌÚÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË
ÓÍÒË‰˚ La
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 Ë Í‡·ÓÌ‡Ú Ì‡ÚËfl
Na

 

2

 

CO
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 Í‚‡ÎËÙËÍ‡ˆËË “ÓÒ. ˜.”. ê‡Ò˜ÂÚÌÓÂ ÍÓÎË˜Â-
ÒÚ‚Ó ÍÓÏÔÓÌÂÌÚÓ‚ ‚Á‚Â¯Ë‚‡ÎË Ì‡ ‚ÂÒ‡ı Çãè–200
ÔÓÒÎÂ ÔÓÍ‡ÎÍË ÔË 850°ë (La
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O
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, Nd
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 Ë Nb
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)

δtg

 

Ë 200°ë (Na

 

2

 

CO

 

3

 

). ëÏÂ¯Ë‚‡ÌËÂ Ë ÔÓÏÓÎ ÔÓ‚Ó‰Ë-
ÎË ‚ ‡ˆÂÚÓÌÂ ‚ ‡„‡ÚÓ‚˚ı ·‡‡·‡Ì‡ı Ò ı‡ÎˆÂ‰ÓÌÓ-
‚˚ÏË ¯‡‡ÏË Ì‡ ‚Ë·ÓÏÂÎ¸ÌËˆÂ GKML-16. íÂ-
ÏË˜ÂÒÍËÂ ˝ÙÙÂÍÚ˚ ËÁÛ˜‡ÎË Ì‡ ‰ÂË‚‡ÚÓ„‡ÙÂ
Q-1000. ëËÌÚÂÁËÓ‚‡ÌÌ˚Â ÔË 1100–1200°ë Ï‡ÚÂ-
Ë‡Î˚ ËÁÏÂÎ¸˜‡ÎË ‚ ‚Ó‰Â ‚ ‡„‡ÚÓ‚˚ı ·‡‡·‡Ì‡ı,
ÒÛ¯ËÎË Ë „ÓÏÓ„ÂÌËÁËÓ‚‡ÎË. àÁ ‚˚ÒÛ¯ÂÌÌ˚ı ÔÓ-
Ó¯ÍÓ‚ Ò ‰Ó·‡‚ÍÓÈ ÔÎ‡ÒÚËÙËÍ‡ÚÓ‡ ÔÂÒÒÓ‚‡ÎË
Á‡„ÓÚÓ‚ÍË ‚ ÙÓÏÂ ‰ËÒÍÓ‚, ÍÓÚÓ˚Â ÒÔÂÍ‡ÎË ‚ ËÌ-
ÚÂ‚‡ÎÂ ÚÂÏÔÂ‡ÚÛ 1200–1300°ë.

à‰ÂÌÚËÙËÍ‡ˆË˛ Ù‡Á ÔÓ‚Ó‰ËÎË ÔÓ ‰ËÙ‡ÍÚÓ-
„‡ÏÏ‡Ï, ÒÌflÚ˚Ï Ì‡ ÂÌÚ„ÂÌÓ‚ÒÍÓÏ ‰ËÙ‡ÍÚÓÏÂ-
ÚÂ Ñêéç-4-07 (ëu

 

K

 

α

 

-ËÁÎÛ˜ÂÌËÂ; 40 ÍÇ, 20 ÏÄ).
è‡‡ÏÂÚ˚ ÍËÒÚ‡ÎÎË˜ÂÒÍÓÈ ÒÚÛÍÚÛ˚ ÛÚÓ˜Ìfl-
ÎË ÔÓ ÏÂÚÓ‰Û ÔÓÎÌÓÔÓÙËÎ¸ÌÓ„Ó ‡Ì‡ÎËÁ‡ êËÚ-
‚ÂÎ¸‰‡. ë˙ÂÏÍÛ ‰ËÙ‡ÍÚÓ„‡ÏÏ ÔÓ‚Ó‰ËÎË ‚ ËÌ-
ÚÂ‚‡ÎÂ Û„ÎÓ‚ 2

 

θ

 

 = 10°–150° Ò ¯‡„ÓÏ 

 

∆

 

2

 

θ

 

 = 0.02°, Ò
˝ÍÒÔÓÁËˆËÂÈ ‚ Í‡Ê‰ÓÈ ÚÓ˜ÍÂ 10 Ò. Ç Í‡˜ÂÒÚ‚Â
‚ÌÂ¯ÌËı ÒÚ‡Ì‰‡ÚÓ‚ ËÒÔÓÎ¸ÁÓ‚‡ÎË SiO

 

2

 

 (ÒÚ‡Ì‰‡Ú
2

 

θ

 

) Ë NIST SRM1976-Al

 

2

 

O

 

3

 

 (ÒÂÚËÙËˆËÓ‚‡ÌÌ˚È
ÒÚ‡Ì‰‡Ú ËÌÚÂÌÒË‚ÌÓÒÚË) [7].

ùÎÂÍÚÓÙËÁË˜ÂÒÍËÂ ı‡‡ÍÚÂËÒÚËÍË ÍÂ‡ÏË-
ÍË (‰Ë˝ÎÂÍÚË˜ÂÒÍÛ˛ ÔÓÌËˆ‡ÂÏÓÒÚ¸ (

 

ε

 

) Ë ‰Ë˝ÎÂ-
ÍÚË˜ÂÒÍËÂ ÔÓÚÂË ( )) Ì‡ ˜‡ÒÚÓÚÂ 10

 

6

 

 Éˆ ËÁÏÂ-
flÎË Ò ÔÓÏÓ˘¸˛ Q-ÏÂÚ‡ Tesla BM560.

 

êÖáìãúíÄíõ à àï éÅëìÜÑÖçàÖ

 

ÄÌ‡ÎËÁ ÂÌÚ„ÂÌÓ‚ÒÍËı ‰‡ÌÌ˚ı, ÒÌflÚ˚ı Ì‡ ÔÓÎË-
ÍËÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡Áˆ‡ı Ln

 

2/3 – 
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(Ln – La, Nd), ÛÍ‡Á˚‚‡ÂÚ Ì‡ ÚÓ, ˜ÚÓ ‚ Á‡‚ËÒËÏÓÒÚË
ÓÚ 

 

x

 

 Ó·‡ÁÛ˛ÚÒfl Ú‚Â‰˚Â ‡ÒÚ‚Ó˚ ÒÓ ÒÚÛÍÚÛÓÈ
ÔÂÓ‚ÒÍËÚ‡, ÓÚÌÓÒfl˘ËÂÒfl Í ÚÂÏ ‡ÁÎË˜Ì˚Ï Ô.
„. (ËÒ. 1). Ç ËÌÚÂ‚‡ÎÂ 0 

 

≤

 

 

 

x

 

 ≤

 

 0.24 ÌÂÁ‡‚ËÒËÏÓ ÓÚ
ÚËÔ‡ Ln Ú‚Â‰˚Â ‡ÒÚ‚Ó˚ ËÏÂ˛Ú ÒÚÛÍÚÛÛ ‰Â-
ÙÂÍÚÌÓ„Ó ÔÂÓ‚ÒÍËÚ‡ (Ln

 

2/3

 

�

 

4/3

 

Nb
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6

 

) Ò Ô. „.

 

Pmmm

 

 [8]. Ç ÒÚÛÍÚÛÂ Ln

 

2/3

 

�

 

4/3

 

Nb
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O

 

6

 

 ‡ÚÓÏ˚ Ln
‡ÒÔÓÎÓÊÂÌ˚ ‚ ÍÛ·ÓÓÍÚ‡˝‰‡ı, ‡ ‡ÚÓÏ˚ Nb – ‚ ÓÍ-
Ú‡˝‰‡ı, Ó·‡ÁÓ‚‡ÌÌ˚ı ‡ÚÓÏ‡ÏË ÍËÒÎÓÓ‰‡ (ËÒ. 2).
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(Ln–La, Nd), ÒËÏÏÂÚËfl ÍÓÚÓ˚ı ÔÓÌËÊ‡ÂÚÒfl ÔË Û‚ÂÎË˜ÂÌËË ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl: 

 

Pmmm

 

–
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–
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.
ÑÎfl Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Ò ‡ÁÎË˜Ì˚ÏË Ô. „. ‡ÒÒ˜ËÚ‡Ì˚ ÒÚÛÍÚÛÌ˚Â Ô‡‡ÏÂÚ˚ Ë ËÒÒÎÂ‰Ó‚‡Ì˚ ‰Ë-
˝ÎÂÍÚË˜ÂÒÍËÂ Ò‚ÓÈÒÚ‚‡.

 

ìÑä [[546.650.3'33'882.5-323]-165]:548.73:537.226.1/.3
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åË˘ÛÍ 

 

Ë ‰

 

.

 

ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‰Îfl Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ÒÓ
ÒÚÛÍÚÛÓÈ ‰ÂÙÂÍÚÌÓ„Ó ÔÂÓ‚ÒÍËÚ‡ ı‡‡ÍÚÂÌÓ
‰ÓÔÓÎÌËÚÂÎ¸ÌÓÂ ÛÔÓfl‰Ó˜ÂÌËÂ, Ò‚flÁ‡ÌÌÓÂ Ò Ì‡ÎË-
˜ËÂÏ ·ÓÎ¸¯Ó„Ó ˜ËÒÎ‡ ‚‡Í‡ÌÒËÈ, ˜ÚÓ ÔÓfl‚ÎflÂÚÒfl
‚ ÔÓfl‚ÎÂÌËË ‰ÓÔÓÎÌËÚÂÎ¸Ì˚ı ÂÙÎÂÍÒÓ‚ ÔË 2

 

θ

 

 ~
13° Ë 29.5° (ËÒ. 1). ì‰‚ÓÂÌËÂ Ô‡‡ÏÂÚ‡ 

 

c

 

 Ò‚flÁ‡ÌÓ
Ò ˜ÂÂ‰Ó‚‡ÌËÂÏ Á‡ÔÓÎÌÂÌÌ˚ı Ì‡ 2/3 ‡ÚÓÏ‡ÏË Ln
(ÔÓÁËˆËË 1

 

a

 

) Ë ÌÂ Á‡ÔÓÎÌÂÌÌ˚ı (ÔÓÁËˆËË 1

 

c

 

) ÒÎÓ-
Â‚. Ä‚ÚÓ‡ÏË [8, 9] ÔÓÍ‡Á‡ÌÓ, ˜ÚÓ Á‡ÔÓÎÌÂÌËÂ ÔÓ-
ÁËˆËÈ 1

 

a

 

 ÌÓÒËÚ ÒÚ‡ÚËÒÚË˜ÂÒÍËÈ ı‡‡ÍÚÂ. ÑÎfl
ÒÚÛÍÚÛ˚ Ln
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 ı‡‡ÍÚÂÌÓ ÒÏÂ˘ÂÌËÂ
‡ÚÓÏÓ‚ Nb ‚‰ÓÎ¸ ÓÒË 

 

z

 

 ‚ Ì‡Ô‡‚ÎÂÌËË ÌÂÁ‡ÔÓÎÌÂÌ-
Ì˚ı (‚‡Í‡ÌÚÌ˚ı) ÒÎÓÂ‚. Ç ÂÁÛÎ¸Ú‡ÚÂ ‡ÒÒÚÓflÌËfl
Nb–O(1) (ÏÂÊ‰Û ‡ÚÓÏ‡ÏË ÌËÓ·Ëfl Ë Á‡ÔÓÎÌÂÌÌÓÈ

Ì‡ 2/3 ÔÎÓÒÍÓÒÚ¸˛) Ë Nb–O(2) (ÏÂÊ‰Û ‡ÚÓÏ‡ÏË ÌË-
Ó·Ëfl Ë ‚‡Í‡ÌÚÌÓÈ ÔÎÓÒÍÓÒÚ¸˛) ÌÂ ‡‚Ì˚ ÏÂÊ‰Û
ÒÓ·ÓÈ.

á‡‚ËÒËÏÓÒÚ¸ ÏÂÊ‡ÚÓÏÌ˚ı ‡ÒÒÚÓflÌËÈ Nb–
é(1) Ë Nb–é(2) ‚ ÍËÒÎÓÓ‰Ì˚ı ÓÍÚ‡˝‰‡ı ÓÚ 

 

x

 

 ‚
Ó·Î‡ÒÚË Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Ln
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≤

 

 

 

x

 

 

 

≤

 

≤

 

 

 

0.24) ÔË‚Â‰ÂÌ‡ Ì‡ ËÒ. 3. ëÏÂ˘ÂÌËÂ ‡ÚÓÏÓ‚ Nb
‚‰ÓÎ¸ ÓÒË 

 

z

 

 ‚ ÒÚÓÓÌÛ ÌÂ Á‡ÔÓÎÌÂÌÌ˚ı ÍÛ·ÓÓÍÚ‡˝-
‰Ó‚ (1

 

c

 

) Ó·ÛÒÎÓ‚ÎÂÌÓ ‡ÁÎË˜Ì˚Ï Á‡fl‰ÓÏ ÔÎÓÒ-
ÍÓÒÚÂÈ, ÒÓ‰ÂÊ‡˘Ëı ÔÓÁËˆËË 1

 

a

 

 Ë 1

 

c

 

. é˜Â‚Ë‰ÌÓ,
˜ÚÓ ÔË Á‡ÔÓÎÌÂÌËË ÔÓÁËˆËÈ 1

 

c

 

 ËÓÌ‡ÏË Ì‡ÚËfl Á‡-
fl‰ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÔÎÓÒÍÓÒÚË ·Û‰ÂÚ Û‚ÂÎË˜Ë-
‚‡Ú¸Òfl, ‚ ÚÓ ‚ÂÏfl Í‡Í Á‡fl‰ ÔÎÓÒÍÓÒÚË, ÒÓ‰ÂÊ‡-
˘ÂÈ ÔÓÁËˆËË 1

 

a

 

, ·Û‰ÂÚ ÛÏÂÌ¸¯‡Ú¸Òfl. ùÚÓ ÔË‚Â‰ÂÚ

 

I

 

20
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4

‡Ò˘ÂÔÎÂÌËÂ
Pbcm

êËÒ. 1. ÑËÙ‡ÍÚÓ„‡ÏÏ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡ÁˆÓ‚ Ln2/3 – xNa3x�4/3 – 2xNb2O6 Ò Ln – La ÔË x = 0 (1), 0.16 (2), 0.33
(3), 0.39 (4), 0.5 (5), 0.58 (6), 0.66 (7) (‡) Ë Ln + Nd ÔË x = 0 (1), 0.16 (2), 0.33 (3), 0.5 (4), 0.58 (5), 0.62 (6) (·) (I – ÂÙÎÂÍÒ˚,
ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ËÂ ‰ÓÔÓÎÌËÚÂÎ¸ÌÓÏÛ ÛÔÓfl‰Ó˜ÂÌË˛; II – ‡Ò˘ÂÔÎÂÌËÂ, ÓÚ‚Â˜‡˛˘ÂÂ ËÁÏÂÌÂÌË˛ Ô. „. Pmmn – Pbcm). 
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Í ÒÏÂ˘ÂÌË˛ ËÓÌÓ‚ ÌËÓ·Ëfl Í ˆÂÌÚÛ ÍËÒÎÓÓ‰ÌÓ„Ó
ÓÍÚ‡˝‰‡. ä‡Í ‚Ë‰ÌÓ ËÁ ËÒ. 3, Ë ‰Îfl Nd-, Ë ‰Îfl La-
ÒÓ‰ÂÊ‡˘Ëı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ËÁÏÂÌÂÌËÂ ‡Ò-
ÒÚÓflÌËÈ Nb–é(1) Ë Nb–é(2) ‚ Á‡‚ËÒËÏÓÒÚË ÓÚ ÒÓ-
‰ÂÊ‡ÌËfl Ì‡ÚËfl Ò‚Ë‰ÂÚÂÎ¸ÒÚ‚ÛÂÚ Ó· ËÁÏÂÌÂÌËË
Á‡fl‰‡ ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı ÔÎÓÒÍÓÒÚÂÈ (ÔÓÁË-
ˆËË 1a Ë 1c). ç‡ ı‡‡ÍÚÂ Á‡‚ËÒËÏÓÒÚË ÌÂ ‚ÎËflÂÚ
ÔËÓ‰‡ Ln (ËÒ. 3, ÍË‚˚Â 1 Ë 2, 1' Ë 2').

èË Û‚ÂÎË˜ÂÌËË ÒÚÂÔÂÌË x ÌÂÁ‡‚ËÒËÏÓ ÓÚ ÚËÔ‡
Ln Ô. „. ËÁÏÂÌflÂÚÒfl ÓÚ Pmmm Í Pmmn (ËÒ. 1).
Ç ÌÂÓ‰ËÏÒÓ‰ÂÊ‡˘Ëı Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı ËÁÏÂÌÂ-
ÌËÂ Ô. „. Ô‡ÍÚË˜ÂÒÍË ÌÂ ÔË‚Ó‰ËÚ Í ËÁÏÂÌÂÌË˛
ÌÓÏËÓ‚‡ÌÌÓ„Ó Ó·˙ÂÏ‡ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË
V/Z. Ç ÚÓ ÊÂ ‚ÂÏfl ‚ Î‡ÌÚ‡ÌÒÓ‰ÂÊ‡˘Ëı Ú‚Â‰˚ı
‡ÒÚ‚Ó‡ı ÏÓÌÓÚÓÌÌÓÂ ËÁÏÂÌÂÌËÂ V/Z(x) ÒÓÔÓ-
‚ÓÊ‰‡ÂÚÒfl ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚Ï ÔÂÂ„Ë·ÓÏ ‚ Ó·Î‡ÒÚË
ÍÓÌˆÂÌÚ‡ˆËÈ Ì‡ÚËfl, ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ ÔÂÂıÓ-
‰Û ÓÚ Pmmm Í Pmmn (ËÒ. 4). ç‡·Î˛‰‡ÂÏ˚Â ÓÚÎË-
˜Ëfl ‚ ı‡‡ÍÚÂÂ Á‡‚ËÒËÏÓÒÚÂÈ V/Z(x), ‚ÂÓflÚÌÓ,
Ò‚flÁ‡Ì˚ Ò ÚÂÏ, ˜ÚÓ ‚ÂÎË˜ËÌ‡ ËÓÌÌÓ„Ó ‡‰ËÛÒ‡ Na+

ÏÂÌ¸¯Â, ˜ÂÏ Á‡ÏÂ˘‡ÂÏÓ„Ó ËÓÌ‡ L‡3+, ‚ ÚÓ ‚ÂÏfl
Í‡Í ÓÚÎË˜Ëfl ‚ ‚ÂÎË˜ËÌ‡ı ËÓÌÌ˚ı ‡‰ËÛÒÓ‚ Na+ Ë
Nd3+ ÌÂÁÌ‡˜ËÚÂÎ¸Ì˚. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ·ÎË-
ÁÓÒÚ¸ ‚ÂÎË˜ËÌ ËÓÌÌ˚ı ‡‰ËÛÒÓ‚ Na+ Ë Nd3+ ÔË‚Ó-
‰ËÚ Í ÒÛ˘ÂÒÚ‚Ó‚‡ÌË˛ ·ÓÎÂÂ ¯ËÓÍÓÈ ÍÓÌˆÂÌÚ‡-
ˆËÓÌÌÓÈ Ó·Î‡ÒÚË (0.24 ≤ x ≤ 0.54) ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘ÂÈ
Ô. „. Pmmn, ‰Îfl ÌÂÓ‰ËÏÒÓ‰ÂÊ‡˘Ëı Ú‚Â‰˚ı ‡Ò-

Ú‚ÓÓ‚ ÔÓ Ò‡‚ÌÂÌË˛ Ò Î‡ÌÚ‡ÌÒÓ‰ÂÊ‡˘ËÏË
(0.24 ≤ x ≤ 0.45).

Ç ËÌÚÂ‚‡Î‡ı 0.54 ≤ x ≤ 0.66 ‚ ÒÎÛ˜‡Â Nd Ë 0.45 ≤
≤ x ≤ 0.66 ‰Îfl La ÍËÒÚ‡ÎÎË˜ÂÒÍ‡fl ÒÚÛÍÚÛ‡ Ú‚Â‰˚ı
‡ÒÚ‚ÓÓ‚ Ln2/3 – xNa3x�4/3 – 2xNb2O6 ÓÚÌÓÒËÚÒfl Í Ô. „.
Pbcm, ı‡‡ÍÚÂÌÓÈ ‰Îfl NaNbO3 ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏ-
ÔÂ‡ÚÛÂ [13]. ä‡Í ‚Ë‰ÌÓ ËÁ ‰ËÙ‡ÍÚÓ„‡ÏÏ (‚ÒÚ‡‚Í‡
Ì‡ ËÒ. 1), ÒÌËÊÂÌËÂ ÒËÏÏÂÚËË ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ‡Ò-
˘ÂÔÎÂÌËÂÏ ÂÙÎÂÍÒÓ‚ Ln2/3 – xNa3x�4/3 – 2xNb2O6 Ì‡
‚˚ÒÓÍËı Û„Î‡ı 2Θ. î‡ÍÚË˜ÂÒÍË, ÔË Û‚ÂÎË˜ÂÌËË
ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl ‚ ÒËÒÚÂÏÂ Ì‡·Î˛‰‡ÂÚÒfl ÒÌË-
ÊÂÌËÂ ÒËÏÏÂÚËË Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ÓÚ Pmmm Í
Pmmn Ë Pbcm. ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚ ‡ÌÚËÒÂ„ÌÂ-
ÚÓ˝ÎÂÍÚË˜ÂÒÍÓÏ NaNbO3 Ù‡ÁÓ‚˚È ÔÂÂıÓ‰ ÔË
370°ë ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl ÒÌËÊÂÌËÂÏ ÒËÏÏÂÚËË Ë
ËÁÏÂÌÂÌËÂÏ Ô. „. ÓÚ Pmmn ‰Ó Pbcm ÔË ÍÓÏÌ‡Ú-
ÌÓÈ ÚÂÏÔÂ‡ÚÛÂ [10, 11]. äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ

La ‚‡Í‡ÌÒËfl Nb O

1c

1a

O(1)

O(4)

O(3)

O(2)

êËÒ. 2. ëÚÛÍÚÛ‡ Ln2/3 �4/3Nb2O6 ÚËÔ‡ ‰ÂÙÂÍÚÌÓ„Ó
ÔÂÓ‚ÒÍËÚ‡ (Ô. „. Pmmm): ÔÓÁËˆËË ‡ÚÓÏÓ‚ – La (1a)
0 0 0; Nb (2t) 1/2 1/2 z; O(1) (1f ) 1/2 1/2 0; O(2) (1h) 1/2
1/2 1/2; O(3) (2s) 1/2 0 z; O(4) (2r) 0 1/2 z; ÔÓÁËˆËË ‚‡Í‡Ì-
ÒËÈ (1c) 0 0 1/2.

Nb–O, Å

2.04

2.00

1.96

1.92

1.88

0 0.04 0.08 0.12 0.16 x

1
2

1'
2'

êËÒ. 3. åÂÊ‡ÚÓÏÌ˚Â ‡ÒÒÚÓflÌËfl Nb–O (1), (1, 2) Ë Nb–
O(2) (1', 2') ‚ ÓÍÚ‡˝‰‡ı NbO6 Í‡Í ÙÛÌÍˆËfl ÒÓ‰ÂÊaÌËfl Ì‡-
ÚËfl (x) ‚ Ú‚Â‰˚ı ‡ÒÚ‚Ó‡ı Ln2/3 – xNa3x�4/3 – 2xNb2O6
(1, 1') Ë Nd2/3 – xNa3x�4/3 – 2xNb2O6 (2, 2').

La

Nd

V/Z, Å

60.8

60.0

59.6

59.2

60.4

0 0.1 0.2 0.3 0.4 0.5 0.6 x

êËÒ. 4. äÓÌˆÂÌÚ‡ˆËÓÌÌ˚Â Á‡‚ËÒËÏÓÒÚË ÌÓÏËÓ‚‡Ì-
ÌÓ„Ó Ó·˙ÂÏ‡ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË V/Z ‰Îfl Ú‚Â‰˚ı
‡ÒÚ‚ÓÓ‚ Ln2/3 – xNa3x�4/3 – 2xNb2O6.
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í‡·ÎËˆ‡ 1.  äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡ÁˆÓ‚ L‡2/3 – ıNa3x�4/3 – 2xNb2O6, ÒËÌÚÂ-
ÁËÓ‚‡ÌÌ˚ı ÔË 1350°ë

x 0 0.16 0.33 0.39 0.5 0.58 0.66

è. Ô. Pmmm Pmmm Pmmn Pmmn Pbcm Pbcm Pbcm

a, Å 3.9105(1) 3.921(2) 5.543(7) 5.536(4) 5.5189(3) 5.5100(3) 5.5007(2)

b, Å 3.9197(1) 3.923(2) 7.8389(9) 7.829(1) 5.5458(3) 5.5563(4) 5.5621(2)

c, Å 7.9142(2) 7.8651(7) 5.543(7) 5.536(4) 15.6313(9) 15.5670(9) 15.5373(5)

V, Å3 121.31(1) 120.97(8) 240.9(4) 240.0(2) 478.43(5) 476.58(5) 475.37(3)

V/Z, Å3 60.65(1) 60.48(4) 60.2(1) 60.0(1) 59.80(1) 59.57(1) 59.42(1)

La x 0 0 0.268(9) 0.262(7)

y 0 0 0.250 0.250

z 0 0 0 0

Na(1) x 0 0 0.268(9) 0.262(7) 0.229(5)

y 0 0 0.250 0.250 0.250

z 0 0 0 0 0

Na(2) x 0.25(1) 0.215(6) 0.229(5)

y 0.225(7) 0.228(6) 0.217(4)

z 0.250 0.250 0.250

Nb x 0.500 0.500 0.249(1) 0.254(1) 0.2531(9)

y 0.500 0.500 0.745(1) 0.741(1) 0.7344(6)

z 0.2618(2) 0.2547(7) 0.1246(6) 0.1248(5) 0.1251(6)

O(1) x 0.500 0.500 0.74(2) 0.71(1) 0.678(7)

y 0.500 0.500 0.250 0.250 0.250

z 0 0 0 0 0

O(2) x 0.500 0.500 0.20(1) 0.25(1) 0.213(7)

y 0.500 0.500 0.813(9) 0.77(1) 0.778(6)

z 0.500 0.500 0.250 0.250 0.250

O(3) x 0.500 0.500 0.476(6) 0.468(5) 0.477(4)

y 0 0 0.461(8) 0.438(4) 0.449(4)

z 0.267(3) 0.247(9) 0.149(2) 0.158(1) 0.151(1)

O(4) x 0 0 0.015(7) 0.013(7) 0.035(4)

y 0.500 0.500 0.009(9) 0.001(6) 0.022(4)

z 0.223(2) 0.245(9) 0.118(2) 0.117(1) 0.113(2)

Nb–O(1), Å 2.072(2) × 1 2.003(6) × 1 2.01(1) × 1 1.98(1) × 1 1.98(1) × 1 

Nb–O(2), Å 1.885(2) × 1 1.929(6) × 1 1.95(1) × 1 1.97(1) × 1 1.97(1) × 1 

Nb–O(3), Å 1.960(1) × 2 1.962(2) × 2 2.05(4) × 1 2.12(2) × 1 2.05(2) × 1 

1.97(4) × 1 1.95(3) × 1 1.95(2) × 1

Nb–O(4), Å 1.979(2) × 2 1.962(3) × 2 1.96(4) × 1 1.99(4) × 1 2.01(2) × 1
1.95(5) × 1 1.97(4) × 1 1.99(2) × 1

〈Nb–O 〉, Å 1.972(2) 1.963(4) 1.98(3) 1.99(2) 1.99(2)

RB, % 8.56 9.0 3.76 4.25 3.57

Rf, % 7.36 8.4 5.80 6.09 5.74



çÖéêÉÄçàóÖëäàÖ åÄíÖêàÄãõ      ÚÓÏ 40      ‹ 12      2004

ëíêìäíìêçõÖ éëéÅÖççéëíà à ÑàùãÖäíêàóÖëäàÖ ëÇéâëíÇÄ 5

í‡·ÎËˆ‡ 2.  äËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËÂ Ô‡‡ÏÂÚ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËı Ó·‡ÁˆÓ‚ Nd2/3 – ıNa3x□4/3 – 2xNb2O6, ÒËÌÚÂ-
ÁËÓ‚‡ÌÌ˚ı ÔË 1330°ë

x ı = 0 ı = 0.16 ı = 0.33 ı = 0.5 ı = 0.58 ı = 0.62 ı = 0.66

è. Ô. Pmmm Pmmm Pmmn Pmmn Pbcm Pbcm Pbcm

a, Å 3.8809(1) 3.8972(2) 5.523(1) 5.522(2) 5.5022(1) 5.5018(1) 5.5007(2)

b, Å 3.9049(2) 3.9086(2) 7.7985(6) 7.7960(6) 5.5532(1) 5.5598(1) 5.5621(2)

c, Å 7.8380(3) 7.8057(6) 5.525(2) 5.522(2) 15.5732(4) 15.5510(3) 15.5373(5)

V, Å3 118.781(8) 118.90(1) 237.99(9) 237.8(1) 475.83(2) 475.69(2) 475.37(3)

V/Z, Å3 59.391(4) 59.45(1) 59.49(2) 59.45(2) 59.48(1) 59.46(1) 59.42(1)

La x 0 0 0.251(6) 0.239(5)

y 0 0 0.250 0.250

z 0 0 0.000 0.000

Na(1) x 0 0 0.251(6) 0.239(5) 0.229(5)

y 0 0 0.250 0.250 0.250

z 0 0 0.000 0.000 0.000

Na(2) x 0.226(5) 0.223(4) 0.229(5)

y 0.222(3) 0.222(3) 0.217(4)

z 0.250 0.250 0.250

Nb x 0.500 0.500 0.251(1) 0.2520(7) 0.2531(9)

y 0.500 0.500 0.7381(5) 0.7359(5) 0.7344(6)

z 0.2613(3) 0.2548(6) 0.1248(4) 0.1243(3) 0.1251(6)

O(1) x 0.500 0.500 0.673(6) 0.679(5) 0.678(7)

y 0.500 0.500 0.250 0.250 0.250

z 0 0 0.000 0.000 0.000

O(2) x 0.500 0.500 0.221(8) 0.224(7) 0.213(7)

y 0.500 0.500 0.767(6) 0.771(5) 0.778(6)

z 0.500 0.500 0.250 0.250 0.250

O(3) x 0.500 0 0.466(4) 0.472(3) 0.477(4)

y 0 0.500 0.446(4) 0.438(3) 0.449(4)

z 0.244(5) 0.243(3) 0.153(1) 0.1557(9) 0.151(1)

O(4) x 0 0.500 0.029(4) 0.032(4) 0.035(4)

y 0.500 0 0.020(4) 0.017(4) 0.022(4)

z 0.236(5) 0.242(3) 0.117(1) 0.115(1) 0.113(2)

Nb–O(1), Å 2.048(2) × 1 1.989(5) × 1 1.989(9) × 1 1.98(1) × 1 1.98(1) × 1

Nb–O(2), Å 1.871(2) × 1 1.914(5) × 1 1.963(8) × 1 1.971(7) × 1 1.97(1) × 1

Nb–O(3), Å 1.957(3) × 2 1.956(1) × 2 2.05(2) × 1 2.11(2) × 1 2.05(2) × 1

1.98(2) × 1 1.95(2) × 1 1.95(2) × 1

Nb–O(4), Å 1.951(4) × 2 1.951(1) × 2 1.99(2) × 1 1.99(2) × 1 2.01(2) × 1

1.96(2) × 1 1.98(2) × 1 1.99(2) × 1

〈Nb–O 〉, Å 1.956(3) 1.953(2) 1.989(4) 1.99(2) 1.99(2)

RB , % 8.56 9.0 7.16 6.74 3.57

Rf , % 8.77 9.5 9.5 9.9 5.74
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Ô‡‡ÏÂÚ˚ ÌËÓ·‡Ú‡ Ì‡ÚËfl ÔË ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ-
‡ÚÛÂ (Ù‡Á‡ ê) ‰Ó Ì‡ÒÚÓfl˘Â„Ó ‚ÂÏÂÌË ÌÂ ÓÔÂ-
‰ÂÎÂÌ˚. Ç [12–14] ÛÒÚ‡ÌÓ‚ÎÂÌ‡ ÓÚÓÓÏ·Ë˜ÂÒÍ‡fl
ÒËÏÏÂÚËfl Ù‡Á˚ ê c Ô. „. ‹ 57 (ÌÂÒÚ‡Ì‰‡ÚÌ‡fl
ÛÒÚ‡ÌÓ‚Í‡ Pbma [12, 13] ËÎË ÒÚ‡Ì‰‡ÚÌ‡fl Pbcm
[14]) (ËÒ. 5). ëÓ„Î‡ÒÌÓ [15], ÌËÓ·‡Ú Ì‡ÚËfl ÔË
ÍÓÏÌ‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ fl‚ÎflÂÚÒfl ÏÓÌÓÍÎËÌÌ˚Ï,
˜ÚÓ ÒÓ„Î‡ÒÛÂÚÒfl Ò ÚÂ·Ó‚‡ÌËÂÏ ËÁÏÂÌÂÌËfl ÒËÏÏÂ-
ÚËË ‚ÒÎÂ‰ÒÚ‚ËÂ ÒÂ„ÌÂÚÓ˝Î‡ÒÚË˜ÌÓ„Ó Ó„‡ÌË˜ÂÌËfl

ÔË Ù‡ÁÓ‚ÓÏ ÔÂÂıÓ‰Â R  P. é‰Ì‡ÍÓ ‰Îfl
NaNbO3 ÒÎÓÊÌÓ ÓÔÂ‰ÂÎËÚ¸ ÓÚÎË˜Ëfl ÏÓÌÓÍÎËÌ-
ÌÓÈ ÒËÏÏÂÚËË ÓÚ ÓÏ·Ë˜ÂÒÍÓÈ ‰‡ÊÂ Ò ÔÓÏÓ˘¸˛
ÌÂÈÚÓÌÓ„‡ÙË˜ÂÒÍËı ËÒÒÎÂ‰Ó‚‡ÌËÈ [15], ÔÓ˝ÚÓ-
ÏÛ ‰Îfl ÒÚÛÍÚÛÌ˚ı ËÒÒÎÂ‰Ó‚‡ÌËÈ ÔËÌflÚÓ ËÒ-
ÔÓÎ¸ÁÓ‚‡Ú¸ Ô. „. Pbcm [13].

ëÚÛÍÚÛÌ˚Â Ô‡‡ÏÂÚ˚ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒ-
ÍËı Ó·‡ÁˆÓ‚ Ln2/3 – xNa3x�4/3 – 2xNb2O6 ÔÂ‰ÒÚ‡‚ÎÂ-
Ì˚ ‚ Ú‡·Î. 1 Ë 2. Ç Í‡˜ÂÒÚ‚Â ËÒıÓ‰Ì˚ı ·˚ÎË ‚ÁflÚ˚
ÍÓÓ‰ËÌ‡Ú˚ ÒÓÓÚ‚ÂÚÒÚ‚Û˛˘Ëı ‡ÚÓÏÓ‚ ‚ ÒÚÛÍÚÛ-
‡ı Ln2/3 – xNa3x�4/3 – 2xNb2O6 [8] Ë NaNbO3 [13]. ä ÒÓ-
Ê‡ÎÂÌË˛, ‚ ÎËÚÂ‡ÚÛÂ ÓÚÒÛÚÒÚ‚Û˛Ú ÒÚÛÍÚÛÌ˚Â
Ô‡‡ÏÂÚ˚ ‰Îfl ÌËÓ·‡Ú‡ Ì‡ÚËfl Ò Ô. „. Pmmn, ÔÓ-
˝ÚÓÏÛ ‰Îfl Ó·‡ÁˆÓ‚ Ò Ú‡ÍÓÈ Ô. „. ‡ÒÒ˜ËÚ˚‚‡ÎË
ÚÓÎ¸ÍÓ Ô‡‡ÏÂÚ˚ ˝ÎÂÏÂÌÚ‡ÌÓÈ fl˜ÂÈÍË.

ÇÒÂ ËÁÛ˜ÂÌÌ˚Â ‚ ‡·ÓÚÂ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËÂ
Ï‡ÚÂË‡Î˚ ı‡‡ÍÚÂËÁÓ‚‡ÎËÒ¸ ÌËÁÍËÏË ‰Ë˝ÎÂÍÚ-
Ë˜ÂÒÍËÏË ÔÓÚÂflÏË ‚ ‡‰ËÓ˜‡ÒÚÓÚÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ
(  ≈ 1–3 × 10–6). äÓÌˆÂÌÚ‡ˆËÓÌÌ˚Â Á‡‚ËÒËÏÓÒ-
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ÚË ‰Ë˝ÎÂÍÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ ÔË‚Â‰ÂÌ˚ Ì‡
ËÒ. 6. ÇË‰ÌÓ, ˜ÚÓ Á‡‚ËÒËÏÓÒÚ¸ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ
ÔÓÌËˆ‡ÂÏÓÒÚË ËÏÂÂÚ ÌÂÏÓÌÓÚÓÌÌ˚È ı‡‡ÍÚÂ.
Ç ÔÂ‰ÂÎ‡ı Ô. „. Pmmm (0 ≤ x ≤ 0.24) ÌÂÁ‡‚ËÒËÏÓ
ÓÚ Ln Û‚ÂÎË˜ÂÌËÂ ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl ÔË‚Ó‰ËÚ Í
ÌÂÁÌ‡˜ËÚÂÎ¸ÌÓÏÛ Û‚ÂÎË˜ÂÌË˛ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ
ÔÓÌËˆ‡ÂÏÓÒÚË (ËÒ. 6‡), ˜ÚÓ, ‚ÂÓflÚÌÓ, Ò‚flÁ‡ÌÓ Ò
Ó„‡ÌË˜Ë‚‡˛˘ËÏ ‚ÎËflÌËÂÏ ÌÂÁ‡ÔÓÎÌÂÌÌ˚ı ÒÎÓ-
Â‚, ÒÓ‰ÂÊ‡˘Ëı ÔÓÁËˆËË 1c (ËÒ. 2), Ì‡ ÒÏÂ˘ÂÌËÂ
‡ÚÓÏÓ‚ ÌËÓ·Ëfl ÔÓ‰ ‰ÂÈÒÚ‚ËÂÏ ̋ ÎÂÍÚÓÏ‡„ÌËÚÌÓ„Ó
ÔÓÎfl. Ç ˝ÚÓÏ ÒÎÛ˜‡Â ÓÒÚ ‚ÂÎË˜ËÌ˚ ε Ó·ÛÒÎÓ‚ÎÂÌ
ÛÏÂÌ¸¯ÂÌËÂÏ ÍÓÌˆÂÌÚ‡ˆËË Í‡ÚËÓÌÌ˚ı ‚‡Í‡ÌÒËÈ
‚ ËÒÒÎÂ‰ÛÂÏ˚ı ÒÚÛÍÚÛ‡ı. ÑÎfl Ô. „. Pmmn Ì‡-
·Î˛‰‡ÂÚÒfl ·ÓÎÂÂ ÒËÎ¸Ì‡fl Á‡‚ËÒËÏÓÒÚ¸ ÓÚ ÒÓ‰Â-
Ê‡ÌËfl Ì‡ÚËfl, ÔÓÒÍÓÎ¸ÍÛ ‚ ˝ÚÓÏ ÒÎÛ˜‡Â ‰ÓÔÓÎÌË-
ÚÂÎ¸ÌÓÂ ÛÔÓfl‰Ó˜ÂÌËÂ Í‡ÚËÓÌÌÓÈ ÔÓ‰Â¯ÂÚÍË ÓÚ-
ÒÛÚÒÚ‚ÛÂÚ. èË ÔÂÂıÓ‰Â Pmmn–Pbcm ‚ÂÎË˜ËÌ‡ ε
ÔÓıÓ‰ËÚ ÔË ˜ÂÂÁ Ï‡ÍÒËÏÛÏ. ÑÎfl ÌÂÓ‰ËÏÒÓ‰Â-
Ê‡˘Ëı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ËÁÏÂÌÂÌËÂ Ô. „. ÓÚ
Pmmn Í Pbcm ÔÓËÒıÓ‰ËÚ ÔË ·ÓÎÂÂ ‚˚ÒÓÍËı ÍÓÌ-
ˆÂÌÚ‡ˆËflı Ì‡ÚËfl, ˜ÂÏ ‰Îfl Î‡ÌÚ‡ÌÒÓ‰ÂÊ‡˘Ëı,
ÔÓ˝ÚÓÏÛ ‚ Ó·Î‡ÒÚË ÒÚÛÍÚÛÌÓ„Ó ÔÂÂıÓ‰‡ εmax ‚ ÒÎÛ-
˜‡Â Nd ‚˚¯Â (ËÒ. 6‡). àÁÏÂÌÂÌËÂ Ô. „. Í Pmmn ‰Ó
Pbcm ÒÓÔÓ‚ÓÊ‰‡ÂÚÒfl Ú‡ÍÊÂ ËÁÏÂÌÂÌËÂÏ ÁÌ‡Í‡
ÚÂÏÔÂ‡ÚÛÌÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ

c

ba

O(3)

O(1)

O(4)

O(2) 4d

4c

Nb

O

Na

êËÒ. 5. ëÚÛÍÚÛ‡ NaNbO3 ÚËÔ‡ ÔÂÓ‚ÒÍËÚ‡ ÔË ÍÓÏ-
Ì‡ÚÌÓÈ ÚÂÏÔÂ‡ÚÛÂ (Ô. „. Pbcm (‹ 57)): ÔÓÁËˆËË
‡ÚÓÏÓ‚ – Na(1) (4c) x 1/4 0; Na(2) (4d) x y 1/4; Nb (8c) x
y z; O(1) (4c) x 1/4 0; O(2) (4d) x y 1/4; O(3) (8c) x y z; O(4)
(8c) x y z.
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êËÒ. 6. á‡‚ËÒËÏÓÒÚË ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË
(‡) Ë ÚÂÏÔÂ‡ÚÛÌÓ„Ó ÍÓ˝ÙÙËˆËÂÌÚ‡ ‰Ë˝ÎÂÍÚË˜ÂÒ-
ÍÓÈ ÔÓÌËˆ‡ÂÏÓÒÚË (·) ÓÚ ÒÓ‰ÂÊaÌËfl Ì‡ÚËfl ‚ Ú‚Â-
‰˚ı ‡ÒÚ‚Ó‡ı Ln2/3 – xNa3x�4/3 – 2xNb2O6 (1) Ë
Nd2/3 − xNa3x�4/3 – 2xNb2O6 (2).
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ÔÓÌËˆ‡ÂÏÓÒÚË (ËÒ. 6·). ëÎÂ‰ÛÂÚ ÓÚÏÂÚËÚ¸, ˜ÚÓ ‚
Ó·Î‡ÒÚË ÓÚËˆ‡ÚÂÎ¸Ì˚ı ÁÌ‡˜ÂÌËÈ íäε ËÁÏÂÌflÂÚ-
Òfl Á‡ÏÂÚÌÓ ÒËÎ¸ÌÂÂ ‚ ÒÎÛ˜‡Â Î‡ÌÚ‡ÌÒÓ‰ÂÊ‡˘Ëı
Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚, ˜ÚÓ Ó·˙flÒÌflÂÚÒfl ‡ÁÎË˜ËÂÏ
‚ÂÎË˜ËÌ ËÓÌÌ˚ı ‡‰ËÛÒÓ‚ Na+ Ë L‡3+. èÓÎÛ˜ÂÌÌ˚Â
ÂÁÛÎ¸Ú‡Ú˚ ÛÍ‡Á˚‚‡˛Ú Ì‡ ‚ÓÁÏÓÊÌÓÒÚ¸ ‡ÁÏ˚-
ÚËfl Ë ÒÏÂ˘ÂÌËfl Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ ‚ Ó·Î‡ÒÚ¸ ÍÓÏ-
Ì‡ÚÌ˚ı ÚÂÏÔÂ‡ÚÛ.

áÄäãûóÖçàÖ

ìÒÚ‡ÌÓ‚ÎÂÌÓ Ó·‡ÁÓ‚‡ÌËÂ ÌÂÔÂ˚‚ÌÓ„Ó fl‰‡
Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ Ln2/3 – xNa3x�4/3 – 2xNb2O6 (Ln –
La, Nd) ÒÓ ÒÚÛÍÚÛÓÈ ÔÂÓ‚ÒÍËÚ‡, ÍÓÚÓ˚Â ‚ Á‡-
‚ËÒËÏÓÒÚË ÓÚ ÒÓ‰ÂÊ‡ÌËfl Ì‡ÚËfl ÔËÌ‡‰ÎÂÊ‡Ú Í
ÚÂÏ ‡ÁÎË˜Ì˚Ï Ô. „.: Pmmm (ÔË 0 ≤ x ≤ 0.24
‰Îfl La Ë Nd), Pmmn (ÔË 0.24 ≤ x ≤ 0.45 ‰Îfl La Ë
0.24 ≤ x ≤ 0.54 ‰Îfl Nd ) Ë Pbcm (ÔË 0.45 ≤ x ≤ 0.66
‰Îfl La Ë 0.54 ≤ x ≤ 0.66 ‰Îfl Nd ). èË 0 ≤ x ≤ 0.24 Ì‡-
·Î˛‰‡ÂÚÒfl Ò‚ÂıÒÚÛÍÚÛÌÓÂ ÛÔÓfl‰Ó˜ÂÌËÂ, Ò‚fl-
Á‡ÌÌÓÂ Ò ÔËÒÛÚÒÚ‚ËÂÏ ÌÂÁ‡ÔÓÎÌÂÌÌ˚ı ÍËÒÚ‡ÎÎÓ-
„‡ÙË˜ÂÒÍËı ÔÎÓÒÍÓÒÚÂÈ. ÑÎfl Ln2/3�4/3Nb2O6 ı‡-
‡ÍÚÂÌÓ ÒÏÂ˘ÂÌËÂ ËÓÌÓ‚ ÌËÓ·Ëfl ËÁ ˆÂÌÚ‡
ÍËÒÎÓÓ‰Ì˚ı ÓÍÚ‡˝‰Ó‚ ‚ Ì‡Ô‡‚ÎÂÌËË ÌÂÁ‡ÔÓÎ-
ÌÂÌÌ˚ı ÔÎÓÒÍÓÒÚÂÈ (ÔÓÁËˆËË 1c). èË ˜‡ÒÚË˜ÌÓÏ
Á‡ÏÂ˘ÂÌËË Â‰ÍÓÁÂÏÂÎ¸Ì˚ı ËÓÌÓ‚ ËÓÌ‡ÏË Ì‡-
ÚËfl ‚ ÔÂ‰ÂÎ‡ı Ô. „. Pmmm Ì‡·Î˛‰‡ÂÚÒfl ÒÏÂ-
˘ÂÌËÂ ËÓÌÓ‚ ÌËÓ·Ëfl Í ̂ ÂÌÚÛ ÍËÒÎÓÓ‰ÌÓ„Ó ÓÍÚ‡-
˝‰‡, ˜ÚÓ ÏÓÊÌÓ Ó·˙flÒÌËÚ¸ ËÁÏÂÌÂÌËÂÏ Á‡fl‰‡
ÍËÒÚ‡ÎÎÓ„‡ÙË˜ÂÒÍËı ÔÎÓÒÍÓÒÚÂÈ (ÔÓÁËˆËË 1a Ë
1c). àÁÛ˜ÂÌÌ˚Â ‚ ‡·ÓÚÂ ÔÓÎËÍËÒÚ‡ÎÎË˜ÂÒÍËÂ
Ï‡ÚÂË‡Î˚ Ln2/3 – xNa3x�4/3 – 2xNb2O6 ı‡‡ÍÚÂËÁÛ-
˛ÚÒfl ÌËÁÍËÏË ‰Ë˝ÎÂÍÚË˜ÂÒÍËÏË ÔÓÚÂflÏË ‚ ‡-
‰ËÓ˜‡ÒÚÓÚÌÓÏ ‰Ë‡Ô‡ÁÓÌÂ (  ≈ (2–7) × 10–3) Ë ÌÂ-
ÏÓÌÓÚÓÌÌÓÈ ÍÓÌˆÂÌÚ‡ˆËÓÌÌÓÈ Á‡‚ËÒËÏÓÒÚ¸˛ ‰Ë-
˝ÎÂÍÚË˜ÂÒÍËı Ô‡‡ÏÂÚÓ‚ (ε, ). èÓÍ‡Á‡ÌÓ, ˜ÚÓ
Û‚ÂÎË˜ÂÌËÂ ÍÓÌˆÂÌÚ‡ˆËË ‚‡Í‡ÌÒËÈ ‚ Í‡ÚËÓÌÌÓÈ
ÔÓ‰Â¯ÂÚÍÂ ËÒÒÎÂ‰ÛÂÏ˚ı Ú‚Â‰˚ı ‡ÒÚ‚ÓÓ‚ ÔË-
‚Ó‰ËÚ Í ‡ÁÏ˚ÚË˛ Ù‡ÁÓ‚Ó„Ó ÔÂÂıÓ‰‡ Ë Â„Ó ÒÏÂ˘Â-
ÌË˛ ‚ Ó·Î‡ÒÚ¸ ÌËÁÍËı ÚÂÏÔÂ‡ÚÛ. ùÚÓ ÔÓÁ‚ÓÎflÂÚ
ÒËÌÚÂÁËÓ‚‡Ú¸ Ï‡ÚÂË‡Î˚ Ò ‚˚ÒÓÍÓÈ Ë ÚÂÏÔÂ‡-
ÚÛÌÓ-ÒÚ‡·ËÎ¸ÌÓÈ ‚ÂÎË˜ËÌÓÈ ‰Ë˝ÎÂÍÚË˜ÂÒÍÓÈ
ÔÓÌËˆ‡ÂÏÓÒÚË (ε ~ 300–1000).
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